The inflammatory mediator LTD 4 (leukotriene D 4 ) is present at high levels in many inflammatory conditions, and areas of chronic inflammation have an increased risk for subsequent cancer development. We demonstrate here that following LTD 4 stimulation, β-catenin is translocated to the nucleus, triggering the transcriptional activity of the TCF (T-cell factor)/LEF (lymphoid enhancer factor) family of transcription factors. These events are dependent on phosphoinositide-3 kinase activation and glycogen synthase kinase inhibition. Our data suggest that, similar to Wnt signalling, LTD 4 increases free β-catenin and targets it to the nucleus.
Introduction
LTD 4 (leukotriene D 4 ) is a pro-inflammatory mediator, that is known to mediate its effects through specific cell-surface receptors belonging to the G-protein-coupled receptor family, namely the high-affinity CysLT 1 (cysteinyl leukotriene 1) receptor [1] .
LTD 4 is associated with the pathogenesis of several inflammatory disorders, such as asthma and inflammatory bowel disease [2] . A general link between chronic inflammation and increased risk of developing cancer has been suggested [3] . Therefore the findings from our group, which are that exposure to LTD 4 increases survival and proliferation in intestinal epithelial cells [4] , are highly interesting. We have also shown that the CysLT 1 regulator is up-regulated in colon cancer tissue, and that LTD 4 signalling facilitates the survival of cancer cells [5] . Even more intriguing was the fact that LTD 4 could reduce apoptosis in non-transformed epithelial cells [6] .
β-Catenin is known to be an effector molecule of the Wnt signalling pathway. Wnt receptors, known as Frizzleds, belong to the family of G-protein-coupled receptors, which also includes the CysLT 1 receptor. During embryogenesis, the presence of a Wnt signal allows β-catenin to translocate to the nucleus, where it activates transcription together with members of the transcription factor family TCF/LEF (T-cell factor/lymphoid enhancer factor) [7] . Normally, in mature cells, the adenomatous polyposis coli protein controls intracellular β-catenin levels. However, in most cases of colon Key words: cancer, β-catenin, epithelial cell, leukotriene D4, TCF (T-cell factor)/LEF (lymphoid enhancer factor). Abbreviations used: CysLT1, cysteinyl leukotriene 1; GSK-3β, glycogen synthase kinase 3β; LEF, lymphoid enhancer factor; LTD4, leukotriene D4; PI3K, phosphoinositide 3-kinase; TCF, T-cell factor. 1 To whom correspondence should be addressed (email anita.sjolander@exppat.mas.
lu.se).
cancer where APC is mutated, β-catenin is not degraded, and is free to enter the nucleus and activate transcription of potentially oncogenic target genes, such as c-myc [8] and cyclin D1 [9] .
Results and discussion
LTD 4 causes up-regulation of β-catenin through the CysLT 1 receptor, PI3K (phosphoinositide 3-kinase) and GSK-3β (glycogen synthase kinase 3β)
Previously, we have shown that LTD 4 up-regulates β-catenin in human intestinal epithelial cells [10] and that LTD 4 induces proliferative and survival responses in intestinal epithelial cells [4, 5] . We demonstrated that the CysLT 1 receptor is upregulated in colon-cancer tissue [5], and we also found that the CysLT 1 receptor was present in the nuclear membrane [11] . GSK-3β, known to phosphorylate β-catenin directly and induce its ubiquitination, has the potential to increase the amount of free β-catenin if inactivated [12] . We investigated whether LTD 4 -mediated β-catenin up-regulation involves changes in the GSK-3β phosphorylation status. Human instestinal epithelial cells of the Int 407 line were stimulated with 80 nM LTD 4 for different periods of time, and the amount of phosphorylated GSK-3β in total cell lysates was evaluated. The level of inactive, Ser 9 -phosphorylated GSK-3β was significantly increased after only 15 min of LTD 4 treatment, and this level was sustained after 24 h. In parallel, 1 h of LTD 4 (80 nM) stimulation significantly increased β-catenin levels, and both of these events were reduced by the CysLT 1 -receptor antagonist ZM198,615 and the PI3K-inhibitor LY298002, confirming that deactivation of GSK-3β is on the same pathway as the accumulation of free β-catenin (Figure 1 ). 
LTD 4 induces β-catenin translocation to the nucleus and activation of TCF/LEF family of transcription factors
It is known that free β-catenin, made available by the disregulation of Wnt signalling, can act as a regulator of transcription factors of the TCF/LEF family, thus activating potentially oncogenic genes, such as cyclin D1, c-myc and cyclo-oxygenase-2 [13] . In our experiments, we examined whether the cellular localization of β-catenin, and therefore its function, is affected by LTD 4 . We investigated whether the increase in the level of β-catenin upon LTD 4 stimulation leads to an increase of β-catenin in the nuclear fraction. Int 407 cells were stimulated with LTD 4 for different periods of time. The separated nuclear fractions were immunoblotted against β-catenin. We observed a 200%, statistically significant, increase in the amount of β-catenin in the nuclear fraction after 30 min of stimulation with LTD 4 , an elevation that was sustained after 24 h. The redistribution of β-catenin to the nucleus was investigated further by confocal laser-scanning microscopic imaging. In unstimulated control cells, β-catenin was predominantly localized to the plasma membrane, but, after 24 h of LTD 4 treatment, most of the β-catenin was found in the nucleus.
The nuclear localization of β-catenin suggests that gene transcription might be affected by LTD 4 stimulation. To determine whether LTD 4 affects TCF-dependent transcriptional activity, we transfected cells with β-catenin/TCF transcriptional reporter TopFlash, or inactive mutant FopFlash, followed by luciferase reporter constructs, and subsequently treated, or did not treat, with LTD 4 . Transcriptional activity increased after 15 min under the influence of LTD 4 , with a maximal statistically significant increase after 1 h of LTD 4 stimulation. We showed that LTD 4 -initiated signals led to nuclear translocation of β-catenin and the subsequent activation of TCF/LEF transcription factor family members. We found a PI3K-dependent significant increase in TCF/LEF transcriptional activity after LTD 4 stimulation. Activated TCF/LEF transcription factors are involved in the regulation of cell proliferation in many different cell types [14] .
In conclusion, we have found that LTD 4 causes accumulation of free β-catenin in non-transformed intestinal epithelial cells through the CysLT 1 receptor. We also show for the first time that this accumulation is dependent upon the activation of PI3K as well as GSK-3β inactivation. Our results demonstrate that LTD 4 -initiated signals lead to translocation of β-catenin to the nucleus and the activation of TCF/LEF transcription factor family, a well-known function of this protein, which facilitates cell survival and proliferation [15] . Our results implicate further the involvement of leukotrienes in inflammation-induced carcinogenesis.
